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DATA 09 TME USE Of COCVTAET MEL SALO(US

TO IWAME THE HORIZMAL MOTICK X5 TBS ADBPEH .

In the course of Navy-sponsored investigations of cosmic rays and
other atmospheric phenomena, the authors at General Mills, Inc. have
made many constmit level balloon flights on the standard meteorological
surface of 300 ub (nominally 30,000 feet). The tracks of these flights are
of general meteorological interest, as they are believed to delineate the
actual trajectory of an equivalent mass of air travelling on a constant
pressure surface. Soee of the original flight data are presented for the
Information of other investigators of air motions, to illustrate the appli-
cation of constant level balloons to meteorological problems, particularly
atmospheric diffusion and the variabiliiyof the wind. Suggestions are made
of the significance of the data presented, and further experlmentB are
proposed which might result in a better understanding of the mechanisms of
air otion. Possible applications of constant level balloons in routine
observatious to obtain representative mnsurements of wind velocity are
set forth.

INTEOUJCICW

The deternmiation of air trajectories is an essential quantity needed in
modern meteorology. No forecaster can expect great success without a
knowledge of the area of origin of tomorrow's eather, as the weather
of tomorrow is in a large part determined by the atmospheric conditions
of today, at points uptrind. Presently, meteorologists attempt to deter-
mine air flow by the application of hydyodynwaics to upper air data ob-
served sirmltaneously over a large region. Using the instantaneous ob-
servations of vind and pressure fields, efforts are made to determine the
air floe by the integration of all these data vith time. However, the
Integrated trajectories thus obtained do not provide a satisfactory
picture of the motion of the air.

he fundamntal reasons for this appear to be the non-representativeness of
the present upper air observations vnd the difficulty of obtaini g a suffi-
ciently accurate model of the atmosphere which is simple enough to be[orked with.

The wind observations determined by use of ascending sounding balloons
in the reather services appear to be not sufficiently representative of
the true air motion at any one level for at least three reasons:

1. Eddy motions, superimposed on the field of translation, introducing
dispersions ad variability into the instantaneous observations. This
effect when coupled vth the short sampling time of rawin observations,
results in wind measurement distributed about the representative air
tr nslation value.

2. Inherent limits of accuracy of the older wind measuring systems, such
as pibals and ravins, obtained from the SCR658. However, a study by
Rapp ( ) shows that the winds measured by newer military systems have
a greater precision than is afforded by the wIn variability over time
and space.
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3. Non-synptIcIty of winds. This arises from operational considera-
tions whereby the mind observations may depart from simultaneity
at various stations by an hour or more (Gabriel & Belucci).

The combined effect of the lmiting factors listed has caused one observer
to conclude that a wind report of 30 knots from 2700 must be considered as
possibly indicating a true wind somewhere between 21 and 4o knots blowing
fro between 240 to 300* (Machta). With such lack of precision, meteor-
ologists frequently disregard the reported wind when aalyzing upper level
charts and computing trajectories.

Lacking trustworthiness and direct wind observations, the "geoatrophic"
wind derived from pressure observations Is widely used in dynamic meteor-
ology. This "wind" in its simple form is derived from the horizontal
pressure Xedient by means of the following relation and assumption:

Geostrophic velocity = e x corioli force

L The coriolis force (.) is a function of the earth's
rotation (W

and the latitude (0 ) of the air parcel. (7 = 260S~n 0)
hence V geostrophic .h (/')

The assumptions used in this relation are:

a. The vertical velocity of the air parcel is negligible.

b. No frictional stresses exist.

c. The isobars are straight, parallel and the wind blows parallel to them at
constant velocity, i.e. the accelerations are zero.

Obviously these asuptions cannot be met In operational meteorology. There-
, I. fore, a i so estimated will be defecbive according to the deviations

from the wi3suption.

In addition, in the measurement of the pressure gradient itself lies
possible SOUrCes3 of error due to the necessarily inexpensive construction
of the radiosonde Instruments as well ai the systematic and operational errors
in measuring atmospheric pressure end temperature. the errors permitted in a
radiosonde measurement of pressure may exceed 14 ub. These errors in pressure
aasuremen:e on the 300 mb surface at tvo different stations may cause a
wind error of 8 ub at 300 ab ~ 600 feet 2 sta 300 miles apart cross Isobar
with A h for 300 mb level - 600 ft. Geo wind a 75 knots oh a O 0 wgoid
0 ..100% wind error.

In viev of this# it appears that a trajectory which is obtained by a
forecaster using non-representative data smoothed subjectively and
ntegrated, using non-valid assumptions canmot be expected to define tbe

air flow accurately.

tH



Page 3

Needed, therefore, is some way of atta ntegrating these transient
effects into a simpler overall picture of atmospheric motion. Trajectories
obtained from constant level balloons have been suggested as one funda-
mental approach.

S&MIS W= CESTANT LSM .ALL S

In an effort to study geostrophle departures, Durat made use of "constant
level" rubber balloons in 193 and 1941. The experiments were of great
interest despite the fact that the balloons did not remain aloft very
long ad were not wel stabilized on a constant pressure level (varia-
tions of 25 mb over one-half hour intervals are reported).

More recently, the development of instrumented constant level plastic
balloons has been reported by Splihaus ( ). Significant trajectory
data have nobeen obtained from these balloons both by New York Uni-
versity and General 1411ls investigations. Three sets of experiments
Involving air trajectories are described here.
In the first of these, actual balloon trajectories are compared with the
"bindcast" trajectories computed from conventional upper air data. In

the second and third studies, the separation of ultiple constant level
flights made siultueously and sequentially is described to suggest the
order of magnitude of eddy motion encountered by the balloons in flight.

TMA1E(1OIES C04PAFED WITH FORECASTS

A large number of constant level balloon flights were made by -he authors
during the sumer of 1951. The balloons were normally spheres, 25 feet
in dimeter, instrumented to float on the 300 ab pressure surface. Launch-
ings were made from Hill Air Force Base, Ogden, Utah, and balloons were
tracked by aircraft over constant level trajectories averaging about 1000
miles. Attempts were made to forecast the Impact point of the balloons at
the end of their flight. The forecasts of trajectories and Impacts were
made before the balloons were launched to insure complete honesty In the
predictions. Such flights were carried out repeatedly using multiple fore-
casters and standardized procedures to minimize subjectivity. Although it
was found that better forecasts could be made under certain selected weather
situations and that some proficiency Improved the forecasts, the accuracy
which could be obtained under the best conditions was limited. Average
errors In the prediction of the Impact point of about 23% of the total
rame were experienced under all weather situations for which balloons were
flown. Under conditions selected by the forecaster as optimum, this error
could not be reduced below 1% of the distance travelled.

It was recognized that operational degradation would reduce the effective-
ness of the ferecasts whenever the time of launching, rate of rise,
floating altitude or flight duration were different from those assumed
by the forecaster. In addition, errors n the basic forecast of the -
pessure and wind fields to be encountered during flight would affect
the accuracy of the trajectory forecast. A third cause for failure to
make a good trajectory forecast would be the possible falseness of the
assumption that the horizontal motion of the balloon is controlled by the
air with which it is surrounded.
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In an attempt to separate these variables, a study vas made of 20
flights selected for good mechanical behavior, I.e. adherence to the
300 mb level and extension of an average length of 1000 miles. An
Independent forecaster, Dr . Homer Mantls of the University of Minesota,
cmped the trajectories of these flights, using "hindcast" trajectories
made from the In-flight winds and pressure fields as reported by the U. S.
eather Bureau stations during the flight period. Consideration wan

given to the exact launching time, ascent vector, floating altitude, and
flight duration. For these 20 flights of an average 1000 miles length,

the average error in the end point was 20 of the total flight length.
This surprisingly large "hindcast" error amounts to about 80% of the
or"gnal forecast error and strongly suggests that either (1) the balloon
held on a constant pressure surface does not move with the horizontal
wind at that surface, or (2) the field of aotion as It Is presently
described is far more Inadequate than previously believed.

EFFECTS CI' EDDY DIMPUI(2f

If the balloons do zwt move with the wind at their level, is it because
no representative wind exists? It has been postulated that air motion Is
such a complex of eddiea that conceivably a large =mber of trajectories
might be obtained in a single given situation. To test this assumption,
simultaneous multiple constant level balloon flights were made. TheY
have been studied by Mantis and Gaalswk and the perti t conclusions
are quoted below.

"The effects of eddy motion appear in the equations of notion as eddy
stresses, sod therefore depend on the definition of the average large
scale flow. In a sense, conventional synoptic analysis represents a
large scale flow which is averaged over the space between ,he reporting
stations. The trajectory of a single balloon, therefore, should consist
of a component due to the large scale motion and a cmponent due to the
eddy notions. A random distribution of eddy motions would have the effect
of diverting a single balloon from the large scale flow or causing the
diffusion of a clus;e r of baloons. The magnitude of this effect is not
known; estimates vary by as much as several orders of magnitude. In past
etezriments on the d tcMno of balloon clusters or other tracers, t

appears that the effect of eddy motions is frequently obscured by the
effect of the vertical shear on the notion of tracing element. at slightly
different altitudes.

"The results of a limited ==uber of it multiple constant level
balloons made by General Wils therefore offer unique opportunities for
the anmination of the diffusion effects. On three occasion., it is
possible to Isolate the effects of eddy diffusion by multiple flights in
which a minim= difference in balloon altitude was maintained during the
fligt. In the flight. 557-558, 566-567-568, and 561-562, the man-
tnance of altitude was within + 150 ft. (+2 ab) of the desired control
altitude for each balloon. The onl exceptio occurred on flight 566
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which vas off by 300 feet for a short time. Ce results of these
fitghts are given In the following table:

Balloon Across-track
Distance separation variation

Flights Distance of flight Duration of fit. balloons as % of of
coared under comparison under comparison vere apart distance trajectory

Miles Hrg. Mi. _

55-558 750 14.5 .U 1.3

561-562 ooo 18.o .1. 1.8

566-567 1200 20.2 1 .08 1

56-567 1200 20.2 5 1

567-568 1200 20.2 5 .14 1 3
"The consistence of these results seems to definitely establish the order
of magnitude of the eTfect of eddy dif:fsion. This effect is certainly
negligible as a fac-tor in the accuracy of trajectory construction."

A few other multiple flights have been made where the balloons have been
separated in time or altitude. Flight- 564-565 travelled 1640 miles In
27.2 hours, one at an average altitude of 32,000, the other at 29,500. At
the termination of the flight, the balloons were 18 miles apart with a
cross track separation of the trajectories of only 7 miles.

Flights 576-577 were launched 51 minutes apart. Flight 576 floated at
an average altitude of 30,500; flight 577 floated at about 31,000 ft. At
the end of 31 hours, the balloons had travelled about 1200 mi.c8 c
44 miles apart with a 17 mile separation between their traecl.orior
(apparently due to change of the pressure field).

Similar experiments were made to show the effect of separating trajec-
tories in time. In each case, a reg lr progression of the trajectories
was observed and a general adherence to the synoptic track as reported by
standard observations was noted, althugh the balloon trajectories could
not be predicted persistently nor made to conform rigorously to the
computed In-flight trajectories.

From this study, one may conclude that a representative trajectory of
some sort can be obtained by constant level balloons. If this is truly
the large-scale air motion vhich is represented, the Instantaneous fieldof motion in the upper air is being mi.represented by 20% with present
observation techniques.

It



PILLOW BALLOONIS

In other efforts to trace air parcels inexpensively, small constant
volume balloons .ere devised at General 1111c. These balloons, because of
their square shape arising from their construction, have been labelled
'pillow balloons'. Many mass flights of these balloons have been made in

which 50 or more balloons were launched simultaneously. It appears that
these balloons do not maintain a long constant level flight, except under

Sspecial operating conditions. The recoveries of these balloons show that
they fall out along a line which frequently has been no vider then ten miles
for a mean range of 600 miles. The data on these flights are also given in
the attached exhibits.

I. Two such inexpensive, uinstauLmeated balloons launched from Minneapolis,
have been returned from Ireland, illustrating the trajectory trecizg
potential possible for inexpensive constant volume balloons.

CCUWSION

FroPm the controlled saLtitude flights, aml the pillow balloon date givcn
in the exhibits, it Spe-ars that a meaningful and representative mewasr,*-

" e~nt of horizontal wine velocities might be wade using a constant level
.. -balloon principle. ,. the repeatability of the wind measurements mac

from trajectory ballcons, it appears tht the small scale variability
of the wind may give ton-representative --alues for ahort tera wind ob-
servations. The use of a small, inexpenzive, constant-level balloon on
standard surfaces to complement wind measurements by sounding balloons
should Integrate out the variability of effects ad permit better delinea-
tion of the flow of the air.

T use these constantlevel balloons meaningfully, it will be necessary to
determine the mnimm constant level flight duration feasible which will
imooth out the effects of superimposed eddy motion and to permit the
direct observation of a wind good enough for determinations of atmospheric
accelerations as well as the representative air velocity. This problem
has been considered by Durst, MHchta and Mantis and some definitive experi-
mrts are being planned. It appears, hm-ever, that 30 minute observations

of the displacement of a constant level balloon will yield a much more
representative wind measurement than the present two-minute, soiding bal-
loon observations.

Direct observation of balloon trajectories should be a valuable forecast
tool, particularly for tropical meteorology. By this method, fields of
divergence or convergence might be directl7 observed and studied rather
than inferred by the existing weather and measurement of the pressvrre

( I gadients in those latitudes.

The tracking of const=t level balloons to obtain air trajectories at great
ranges from otherwise Laacccssible areas wy be another use ind extension of
this technique for metaorol gical problena. Such a use is b::in conteplatcd
by the Naval Research Laboratory in th transosonde project to obtain wir.nl t.:,

04L 
trajectory date from )ver the Central Pacific.

Consideration should also be given to the direct observation of trajectories
Ll a routine weather observation tool c=xplementing existing techniques.
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DEfiNIIVE TSDIff WHI ABKEDE

1. 1. Repeated, simultaneous observations of the variability of the wind,
made by lanching small meteorological constant level balloons at Intervals,
coaring the vind attained for each two minate period with an average
from a 30 minute displacement. These data should in turn be caoared with:

a. synoptic ravin noundings,

1 b. the constant level wind measured by similar units located across
wind at distances of 1, 10, and perhaps 100 miles,

j c. the wind weasureo by the sme stations an aW constant level balloons
30 and 60 minutes later.

2. Nationwide wind observations on a standard surface by ome hour flightsof smal constant level balloons from the U. S. Weather Bureau rurin sta-
tiona synoptic with the standard rawin soundings.

I 3. Establisment of a tracking net for larger constant level balloons in
the tropics and the making of simultaneous flights to observe directly the
atmospheric convergence and divergence -articularly around hurricane time.

Ii

I

11
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Four twenty-five foot dia~eter balloons being inflated for a simultneous lauching.

Thesse balloons carrying a 160 pound payload, will float on the 300 millibar surface

where they will be used to study atmospheric divergence.
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